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information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 
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KNOCK CHARACTERISTICS OF MOTOR FUELS 
BY THE RESEARCH METHOD 

(P:27) 

Adapted from ASTM Designation : D 908-58 



1. SCOPE 

l.I This method describes the test for determining the knock characteristics, 
in terms of research octane numbers, of fuels for use in spark-ignition engines. 

2. TERMINOLOGY 

2.0 For the purpose of this method, the following definition shall apply. 

2.1 Research Octane Number — The whole number nearest the per- 
centage by volume of wo-octane {2, 2, 4-trimethyIpentane) in a blend with 
normal heptane that matches the knock characteristics of the fuel when 
compared by this method. 

2.1.1 The Research Octane Number of wo-octane equals 100 and that of 
normal heptane equals 0, by definition. 

3. OUTLINE OF THE METHOD 

3.1 The research octane number of a fuel is determined by comparing its 
knocking tendency with those for blends of the reference fuels of known 
octane number at 600 rpm under standard operating conditions. This is 
done by varying the compression ratio for the sample to obtain the standard 
knock intensity as defined by a guide curve and as measured by an electroni- 
cally controlled knockmeter. When the knockmeter reading for the sample 
is bracketed between those for two reference blends differing Ijy not more 
than two octane numbers, the rating of the sample is calculated by inter- 
polation. 

4. APPARATUS 

4.1 The knock testing unit* consists of a single-cylinder engine of conti- 
nuously variable compression ratio, with suitable loading and accessory 
equipment and instruments, mounted on a stationary base. 

4.2 The panel- mounted detonation meter, Model 50L-APt ^"^ knockmeter, 
or desk-mounted Model 501 -A shall be used to measure knock intensity 



♦ Further details about the apparatus, its installation, maintenance, etc, arc given in 
1956 ASTM Manual for Rating Motor Fuel by Motor and Research Methods and the 1957 
Supplement. 

t Available from the Waukesha Motor Co., Fuel Research Division, Waukesha, Wisconsin, 
USA, and The Solartron Electronic Group Ltd.^ Solartron Works, Queens Road, Thames 
Ditton, Surrey, England. 
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(detonation meter Model 501 may also be used). With the detonation 
meter, a pick up. Type D-1 is required and may be purchased with the 
meter. A constant voltage transformer (see Note 1) should be used to 
prevent instability of knockmeter readings due to the line voltage 
fluctuations. 

Note 1 — The detonation meter requires a 115-V regulated voltage source and its total 
power requirements are less than 60 VA- Regulating and step-down regulating trans- 
formers for conversion of the line voltage to the instrument operating voltage may be 
purchased with the meter or from electrical supply houses, if the frequency of the 
power source is less than 50 cycles, a detonation meter altered to accommodate the 
particular frequency available shall be used. 

5. REFERENCE MATERIALS 

5.1 KuQck Test Reference Fuels — These fuels can be produced as 

required by mixing the following hydrocarbons. 

5.1.1 ho- Octane (2, 2, ^'trimethylpentane) — This fuel in the pure state has, 
by definition, an octane number of iOO. 

5.1.2 n-Heptane — This is a low antilmock fuel, which in its pure state has, 
by definition, an octane number of 0. 

5.1.3 Seventy-five Octane Number Blend— a blend by volume of 75 percent 
wo-octane and 25 percent «-heptane. 

5.1.4 Any other blends of zjo-octane and n-heptane as required. 

5.2 Toluene — conforming to •18:537-1955. 

6. OPERATING CONDITIONS 

6*1 The following standard operating conditions are mandatory, 

6.1.1 Engine Speed — 600 i 6 rpm, constant to within 6 rpm during a test. 

6.1.2 Spark Advance — constant, 13*0 deg. 

^,1.^ Spark Plug Oa/> — 0-51 ±0-13 mm (or 0-020 i 0-005 in ). 

6.1.4 Breaker-Point Gap —- 0-51 mm (or 0-020 in ). 

6.1.5 Valve Clearances — 0-20 ±0-02 mm (or 0-008 ± 0-001 in ), measured 
with the engine hot and running under standard operating conditions on a 
reference fuel of 75 octane number. 

6.1.6 Crankcase Lubricating Oil — SAE 30, having a kinematic viscosity 
range of 9-62 to 12*94 cS at 99°C (or 210°F). 

6.1.7 OH Pressure — 1-8 to 2-1 kg/cm* (or 25 to 30 lb/in ^) under operating 
conditions. 

6.1.8 Oil Temperature ^b1 ^5 ±8-5^C (or 135 ± I5°F) with the tempe- 
rature sensitive element completely immersed in the crankcase oil. 

6.1.9 Coolant Temperature — 100 ± 1-5°G (or 212 ± 3°F) constant within 
±0*5''G (or ± VF) during a test. 

•Since revitcd. a 
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6#1 .10 Intake Air Humidity — 3*5 to 7 mg of water vapour per gram (or 25 to 
50 grains of water vapour per pound) of dry air. When air of this humidity 
prevails in the engine room through the operation of natural factors or air 
conditioning, it may be used without further conditioning, its humidity being 
determined by sling psychrometer. Otherwise the apparatus given 
in 6*1.10.1 may be used. 

6.1 .10.1 Humidity-control apparatus — The humidity may be controlled 
by means of the CFR ice tower which consists of an insulated cyHndrical 
tank arranged to pass the engine-inlet air through an ice bed, thus chilling 
it and delivering saturated air approximately with a moisture content of 
3-7 to 4-0 mg of water vapour per gram of dry air. 

The tower is arranged to take air in at the top with a down-flow through 
the ice pack. The air leaves the tower through a tube at the centre of the 
ice pack, passing up from the bottom. This design permits the addition of 
ice without interrupting the engine operation. The centre tube provides 
a chilled outlet passage, thus preventing the evaporation of entrained 
moisture. It is recommended that a suitable water manometer be con- 
nected to the air outlet pipe of the ice tower to indicate undue restriction of 
the air flow. 

The tank is made of galvanized sheet metal with 50 mm of rock- wool 
insulation of sides and bottom. The ice is supported on a J-inch wire 
screen held 10 cm above the bottom of the tank to form a surge chamber. 
The outlet pipe connects through a pipe bend to the pipe, 113 cm long, 
leading to the combination surge tank, capacity 13 litres, and air heater" 
located on the carburettor inlet pipe. Flexible rubber hose connexions in 
the air line permit adjustment of the compression ratio. The tower is 
supported on an angle-iron stand to allow convenient drainage through a 
trap at the bottom. A removable wood cover on the top permits convenient 
access for filling. The 75-mm opening in cover is the normal air inlet, which 
may be closed by a slide cover to economize when the engine is shut down. 

The tower shall be charged with 5 cm lump ice. If the size is materially 
larger, channelling may occur; if smaller, the air supply to the engine may 
be restricted. The minimum depth of the ice bed shall be 45 cm. 

As a safety precaution, a suitable water manometer may be connected to 
the air-outlet pipe of the ice tower. A differential pressure appreciably 
in excess of 12 mm of water indicates undue restriction of the air flow, 
resulting from improper condition of the ice or plugging of the drain tap. 

6.1.11 Intake Air Temperature — measured at carburettor entrance with a 
mercury thermometer and maintained within i l-TC {or i 2^) for the 
temperature specified for the prevailing barometric pressure in Table I. 

6.1.12 Carburettor F^nfun — with diameter 14-29 mm (or 9/16 in ) at the 
throat. 
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TABLE I MICROMETER SETTINGS FOR STANDARD KNOCK INTENSITY 

AT A BAROMETRIC PRESSURE OF 760 mm (OR 29-92 iii } OF MERCURY 

For Use at AU Altitudes, 14-29 mm (or 9/16 in) VenturS 

(See Tabic II for corrections for other barometric pressures.) 
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6.1 .13 Micrometer Adjustment — set to read 0*500 in (5-5 to 1 compression 
ratio) with the piston at top dead centre and with a clearance volume of 
140*0 ±0-5 ml to the top face of the pick-up hole on cylinder of standard 
bore. 

6.1.14 Fuel-Air Ratio — adjusted for maximum knock as follows : 

At e^tch compression ratio and for each fuel being tested, adjust the 
fuel-air ratio by varying the carburettorfloatlevelinincremcnts, until the 
adjustment that produces a maximum knockmcter reading is obtained- 
It is required that this float level setting he between 20-3 to 45-7 mm 
(or 0*8 to 1*8 in ); it may be necessary to change the size of the metering 
jets to meet this requirement. 

6 A, 15 Standard Knock hit ensit}' — ohiained with a blend of wc-octanc 
and normal heptane, under the standard operating conditions of this 
method and at a micrometer reading corresponding to the octane number of 
the blend used and the prevailing barometric pressure in accordance with 
Table I and the correction Table II. 

7. STARTING AND STOPPING ENGINE 

7.1 Starting the Engine — While the engine is being motored, turn on the 
ignition and start tlie engine by setting the carburettor to draw fuel from one 
float bowl. 

7.2 Stopping the Engine — Turn off the fuel, then the ignition, drain all 
fuel bowls, and motor the engine for one minute before stopping the 
synchronous motor. To avoid possible corrosion and warping of valves and 
seats between operating periods, close both valves by turning the flywheel 
to top dead centre on the compression stroke. 

8. OBTAINING STANDARD KNOCK INTENSITY 

8.1 With the engine at equilibrium temperature and the carburettor set for 
maximum knock, obtain standard knock intensity {^ee 6.1.15), at the micro- 
meter setting obtained from Table I and corrected in accordance with 
Table II for the octane number of the reference fuel blend being used and the 
barometric pressure at the time of the test. The intake air temperature 
should be adjusted to correspond with the value specified for the prevailing 
barometric pressure as given in Table IL When the barometric pressure is 
measured by a mercurial barometer having a brass scale, correct the reading 
for ambient temperature by the following formula : 

B - b -0*000 162A(f -F 1-94) 
where 

B ~ corrected barometric pressure, in mm (or in ) of mercury; 
b ~ observed barometric pressure, in mm (or in ) of mercury; and 
/ ^- observed temperature of the barometer, in degrees Centigrade. 
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OMETER Setting for the Prevailing Barometric Pressure ADD the follow- 






iNo Micrometer Values 


to the Values in Table I: 






To Correct the 


Observed Micrometer Setting for the Prevailing Barometric Pressure 






SUB'I'RAGT THE FOLLOV 


nNG Micrometer Values from the Micrometer Reading : 




300 


Micrometer Corrections 


! 0002 


0004 1 0007 


0009 


0012 


0014 


a-oi7 


0019 


0-022 


0-024 


300 


Intake Air Temperatures 


152-2 


52-8 i53-9 


54-4 


55-6 


561 


57-2 


57-8 


58-9 


59-4 



♦ Convert the barometric pressure in miUimctres to inches by multiplying by 0.039 37 before using Table II. 



1$: 1448 [Pi 27] - 19fi0 

If the observed temperature is in degree Fahrenheit, use the following 
formula: 

B ^ b - 0-000 09 A (/- 28*5) 

No correction is required for a properly compensated aneroid barometer, 
but it should be calibrated at least once a year. 

9. ADJUSTING KNOCKMETER, AND DETONATION METER 

9.1 Zero Adjustmetit of KticM:kmeter — Before daily operation, with 
power and operational switches of the detonation meter in the OFF j>osition, 
check zero of knockmeter. Reset as necessary using adjusting screw provided 
on knockmeter face. 

9*2 Zero Adjustmeiit of Detonation Meter — - With the power switch in 
the ON* position, warm up the meter for about 30 minutes. Then with the 
operational switch in the OFF position, and the METER READING and 
SPREAD controls in their approximate normal operating positions, check 
zero of knockmeter. If adjustment is necessary, remove the screw cap 
marked ZERO on the detonation meter, and make adjustment with a small 
screw-driver to bring the knockmeter pointer to zero. 

Although the ZERO adjustment of the Detonation Meter is not critical, 
it is good practice to recheck it from time to time to compensate for tube 
ageing and after installation of replacement tubes and parts. 

9.3 Adjustments of Time Constant ~ The TIME CONSTANT control 
switch has six positions. Position No. 1 gives the fastest and position No. 6 
the slowest meter response, with other positions being intermediate. 

9*4 Adjustments of Detonation Meter Reading and Spread — The 

controls for the METER READING (marked Sensitivity on earlier meters) 
and SPREAD are made so that each control has both a coarse and a fine 
adjustment, with indexes for resetting. 

The fine and coarse knobs are independent of each other. The coarse 
knob should be used to obtain the approximate reading required, and the 
fine knob is used for more precise adjustment. It is not necessary to change 
these controls very much to cover the range 40 to 100 octane number, 
particularly if the initial setting of the meter is made at 85 octane number. 
However, this does not preclude making a setting at any desired octane level 
in order to follow the appropriate guide table. It probably will be neces- 
sary to reset the meter for use above 100 octane number or below 40 octane 
number. 

With the engine operating under standard test conditions on a reference 
fuel, adjust the meter reading and spread as follows : Turn the knobs (fine 
and coarse) marked METER READING and SPREAD fully counter- 
clockwise. Rotate the coarse knob on the SPREAD dial clockwise approxi- 
mately 15 deg and the fine knob approximately 150 dtg; rotate the METER 
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READING coarse knob clockwise so that the Knockmeter pointer is appro- 
ximately mid-scale, and use the fine knob for precise control. Adjust the 
fuel-air ratio for maximum knock. If the maximum is not well defined, this 
is an indication that the sensitivity to change in octane number is too spialL 
To increase the sensitivity, rotate the SPREAD knobs clockwise until the 
meter reads 100, then rotate the METER READING knobs counter-clock- 
wise until the meter is near mid-scale again. 

Change to the carburettor tank containing the second reference fuel which 
differs from the first by not more than two octane numbers and determine its 
fuel-air ratio for maximum knock. The spread may then be determined by 
comparing the maximum readings for the two reference fuels, A desirable 
spread for two octane numbers is 15 to 30 divisions. However, in the low 
octane number range, it may be necessary to use a smaller spread, but it 
should never be less than six knockmeter divisions per two octane numbers. 

If the spread is too small, increase the knockmeter reading approximately 
20 divisions by rotating the SPREAD knobs clockwise; then rotate the 
METER READING knobs counter-clockwise to restore the original reading. 
If the spread is not sufficient, repeat the procedure. Rotating the SPREAID 
knobs clockwise increases the spread; to decrease the spread, reverse this 
procedure. After the desired spread is obtained, the detonation meter is 
ready for use and a check should be made with an appropriate standardiza- 
tion fuel. 

10. CHECKING TEST CONDITIONS 

10.1 Engine conditions are not correct unless a blend of 74 percent of toluene 
and 26 percent of normal heptane by volume matches a blend of 93*4 i 0-3 
percent zjo-octane and 6-6 ^^O-S percent normal heptane by volume. If this 
match cannot be obtained under standard conditions, check the mechanical 
conditions of the engine. Other standardization fuels may be used for 
checking both engine and test conditions at this and other octane number 
levels. Their ratings should fall within i 0-3 octane number of the value 
given in the appropriate certified calibration table. 

10*2 For subsequent testing of fuel samples, adjust the cylinder height for 
standard knock intensity, using the knockmeter as a guide, provided no 
change has been made in the detonation meter adjustment in the meantime. 
Make certain that the cylinder heights as measured by micrometer settings 
are within ±0*010 in. of those given in guide Table I, corrected from 
Table II for the prevailing barometric pressure, for the octane numbers 
of the reference fuel blends that match the samples. An adjustment of 
the intake air temperature in accordance with Table II may be required if a 
significant change in barometric pressure occurs during the day. 

10.3 The engine should cease firing instantly when the ignition is switched 
off. If it does not, operating conditions are unsatisfactory. Examine the 
engine for defects, particularly for combustion chamber and spark-plug 
deposits, and remedy such conditions before rating fuels. 
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11. ADJUSTING COMPRESSION RATIO AND CARBURETTOR 

11.1 It is necessary to make an approximate adjustment of the compression 
ratio before setting the fuel level for maximum knock, after which make 
the final adjustment of the compression ratio to give standard knock intensity. 

11.2 Preiiminary Adjustment of Coinpression Ratio — ■ Fill one tank 
of the carburettor with the sample and turn the selector valve to draw fuel 
from the bowl. Set the fuel level to give approximately maximum knock- 
meter reading and adjust the compression ratio to give a knockmeter reading 
of about 55 scale divisions. As any necessary readjustments will increase 
the knockmeter reading, time can be saved by setting for 52 or in some cases 
even lower. 

11.3 Adjustment of Fuel-Air Ratio — Adjust the fuel level for the position 
of maximum knock as follows : 

With a setting, for example, of 1-3 in. on the etched glass scale, allow 
the knockmeter to reach equilibrium and record the reading. Then 
obtain and record knockmeter readings for richer fuel-air ratios by raising 
the fuel level by 01 in. increments to settings of 1-2, 1-1, . . . until the 
knockmeter reading has decreased at least five divisions from the maxi- 
mum. Reset che fuel level at the position for which the maximum 
knockmeter reading was obtained, for example, 1-2 in. Follow the same 
procedure for leaner fuel-air ratios by setting in turn at 1-3, 1-4, .. . until 
the knockmeter reading has decreased at least five divisions from the 
maximunv. Set the fuel level at the position for which the maximum 
knockmeter reading was obtained, or between the two positions for which 
the reading was the same, for example, 1 -25 in. This is the position for 
maximum knock. Verify it at least once by settings at levels 0- 1 in. on 
cither side; in the example just taken, at both 1-15 and 1*35 in. If higher 
knockmeter readings are obtained at either of these positions, the setting 
is in error and repetition of the entire procedure is necessary. For each 
setting of the fuel level allow the knockmeter to reach equilibrium before 
recording readings. 

11.4 Carburettor Cooling — If a tendency for the sample to bubble or 
boil in the fuel-level sight glass is observed when making the adjustments 
in 11.3, it is recommended that a carburettor cooHng apparatus may be 
used. For normal conditions, however, carburettor cooling shall not be used. 

11.5 Final Adjustment of Compression Ratio — Finally, adjust the 
compression ratio to give a knockmeter reading of 55 ± 3 scale divisions. 
Use this setting for the remainder of the test. 

12. BRACKETING THE TEST FUEL 

12.1 First Bracketing Reference Fuel — Based on the expected knock 
rating of the sample, place a trial blend of the knock-test reference fuels, 
which has been thoroughly mixed, in another of the carburettor tanks. Operate 
the engine on it, without changing the compression ratio, while the level of 

10 
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the float bowl is adjusted to the maximum knock position as described 
in 11^, 

12.2 Second Bracketing Reference Fuel — Select a second trial blend of 
the reference fuels such that the maximum knockmeter reading obtained for 
the sample will be between those obtained for the reference fuel blends. 
Place the second trial blend in the third carburettor tank and operate the 
engine on it, without changing the compression ratio, while the level of the 
float is adjusted to the maximum knock position as described in 11.3. If the 
octane numbers of the first and second trial blends do not differ by more 
than two units, continue the test; otherwise try additional blends of reference 
fuels until this requirement is met. 

12.3 Obtaining Knockmeter Readings — With the three carburettor 
bowls set at the fuel-air ratios giving maximum knockmeter readings, take a 
series of readings for the sample and the two reference fuel blends. In each 
case allow the knockmeter to reach equilibrium before recording the reading. 
Bracket the sample between the two blends of reference fuels at least three 
times. A convenient way to do this is to take readings in order for the second 
reference fuel, the sample, the first reference fuel, the sample, the second 
reference fuel, the sample, and the first reference fuel. In changing fuels, 
always allow at least one minute for the engine and knockmeter to reach 
equiHbrium. With some fuels an appreciably longer time interval may be 
required. 

13. REPORTING OF RESULTS 

13.1 Average the knockmeter readings obtained in accordance with 12.3 
for the sample and for each of the reference fuel blends. Find the research 
octane number by interpolation from the averages so obtained, 

13.2 Report the octane number to nearest integer. When the interpolated 
figure ends with 0-50, round off to the nearest even number; for example, 
report 99*50 as 100, not 99. 

14. PRECISION 

14.1 Extensive data from independent laboratories over a number of years 
for many sanlples of conventional motor gasolines have shown a standard 
deviation of 0*5 octane number (an average deviation of about 0-4 octane 
number). Based on this standard deviation, the number of tests required 
to yield a rating of desired accuracy is given below : 

Accuracy Desired, N§Mber of Tests Required to Obtain 

Octane Number, the Desired Accuracy 



or Minus 


9 times 
out of 10 


19 times 
out of 20 


99 times 
out of 100 


1*0 
0-5 
0*3 


1 
3 
8 


1 

4 

n 


2 

7 

18 
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This table shows that a single rating is normally expected to be witliin 
± I'O octane number of the true valu« in about 19 cases out of 20. On the 
other hand, if an accuracy of ± 0*3 octane number is desired with a certainty 
of '90 percent (9 times out of 10) it is necessary to obtain an average of eight 
ratings in eight different engines (preferably in eight independent 
laboratories) . 

AhhougJ^ the above degree of reproducibility applies to conventional 
motor gasolines when careful attention is given to the details of test procedure 
and engine condition, it does not- necessarily apply to fuels which differ 
materially from finished motor gasolines. In such cases, the reproducibility 
is likely to be lower and result in higher standard deviations. 
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